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ABSTRACT 
The High Speed Water Tunnel is operated by the California 
Institute of Technology under Contract OEMsr-207 with the OSRD 
and is sponsored by Division 6J ·section 6 . i of the NDRC . The 
tests reported in this memorandum were made at the re~uest of 
Division One of the NDRC of the OSRD . 
The report covers measurements of t'he flui'd friction loss 
in -. two 0 . 50 caliber gun barrelsJ one rifled and the other un-
rifledJ and compares the results with the friction loss through 
hydraulically smooth tubes. The conclusions may be summarized 
as follows: 
i .. Within a margin of approximately 7% the loss in both 
gun barrelsJ for identical rates of flowJ is the same 
as that for a hydraulically smooth. tube of 0 . 500" 
diameter in the Reynolds number range of 0 . 5 x i05 
to i . 5 x i05 covered by the tests (See Figure 4) . 
2. The 7% margin represents the spread between the losses 
for the two barrels as follows: 
(a) The loss in the unrifled barrel is 4% more than 
for a hydraulically smooth tube due to its 
greater roughness " 
( b ) T h e 1 a s s i n t he r i fl ed b a r r e 1 i s 3% 1 e s s t han 
the loss in a 0 . 500" diameter smooth tube due 
t o i t s g r e at e r e f f e c t i v e c r o s s- sec t i o n J and 
conse-IUently lower average velocity of flow .. 
3 . An examlpation of typical trends of the friction factor 
at highe'r Reynolds numbers indicates that values of "f" 
can probably be extrapolated parallel to the curve for 
smooth tubes shown in Figure 6 . 
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MEASUREMENTS OF FLUID FRICTION LOSS IN 
0.50 CALIBER RIFLED AND UNRIFLED GUN BARRELS 
1. PURPOSE OF TEST 
This memorandum presents the r~sults of measurements .of 
the fluid friction loss in two 0 . 50 caliber gun barrels, one 
rifled and the other unrifled, and compares these results 
with the corresponding friction loss through hydraulically 
smooth tubes . The measurements were made at the re~uest " of 
Division One of the NDRC of the OSRD and were conducted in 
the Hydraulic Laboratory at the California Institute of 
Technology . 
2 . DESCRIPTION OF GUN BARRELS AND OF EXPERIMENTAL INSTALLATION 
The unrifled barrel is bored to a uniform diameter of 
0 . 500" . Its interior surface shows spiral boring tool marks 
which are visible to the eye . The rifled barrel has 8 e~ually 
spaced grooves approximately O . i 25" ' wide and 0 .0035'" deep cut 
into the surface of the 0 . 500" ' bore , Broaching ·tool marks 
are .visible along the length of each groove . The boring tool 
marks on the surface of the 8 lands do not appear to . be as 
deep as for the unrifled barrel . The twist of the rifling 
is approximately one turn in 30 . 5 calibers . Figure 8 at the 
end of this report tabulates the dimensions and the observed 
surfdce condition of the bore for both ba:nrels 
The pressure drop measurements were made in the flow 
circuit shown diagramatically in Figure~ .. I t< consists 
essentially of two sections of i/2" nominal diameter smooth 
drawn brass tubing with the gun barrel inserted between them .. 
The upstream section has a long approach to the first measuring 
station A. This appro o ch length of 7 feet or i68 pipe diameters 
is sufficient to establish a fully developed turbulent velocity 
p r ofile. A iO ' or 240 diameter length follows from station A 
to the second measuring station at B .. Between stations B and C 
provision is made for inserting one of the gun barrels . The 
section of brass tubihg following the gun barrel is 7' long or 
i68 diameters to the final pressure measuring station . Water 
was supplied to the system by .a positive displacement pump op-
erating with an air cushioned receiver b.etween it and the test 
1 ine in order to as' sure steady flow conditions . The valves 
labeled Nos . i and 2 at the beginning and end of the test cir-
cuit and the bypass valve shown in Figure i , were used to control 
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VIEW OF TEST Ll NE 
FOR 
GUN BARREL FRICT ION MEASUREMENTS 
THE PRESSURE CONNECTION FOR STATION nAn 
IS SHOWN IN THE LOWER LEFT FOREGROUND . 
THE WATER DISCHARGES FROM THE FAR END OF 
THE LINE DOWNWARD INTO A MEASURING TANK " 
I 
\J1 
I ~ 
~I.....J._ J ... . 
--... ~· ._.. "'Il --=- .... ~ _ .;;~~ -
I I I r 1 I i'EW. II ~--- -afaiii!W- - I e!l7"""' • , 
FIGURE 3 
VI~W OF PRESSURE MEASURING EQUIPMENT INSTALLED ALONGSIDE OF TEST liNE 
THE INSTRUMENTS INDICATED FROM LEFT TO RIGHT ARE MERCURY MANOMETER FOR MEASURING 
DRO P ACROSS GUN BARREL , A DEPTH HAGE NOT USED FOR THfS EXPERIMENT , MERCURY 
MANO METERS FOR MEASUR I NG DROP ACROSS SECTIONS AB AND CD OF THE TEST LINE, THE 
GUN BARREL IN THE TEST LINE ITSELF, AND THE BOURDON-OPTICAL PRESSURE GAGE FOR 
MEASURING THE TOTAL DROP FROM 'STATION A TO 0 · 
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the rate of flow . The discharge was timed as it flowed into 
the tank indicated at the discharge end of the 1 in e . The 
water accumulating in the tank was weighed and the volumetric 
rate of flow calculated. A photogranh showing a general view 
of the installation is given in Figure 2 . 
In assembling the test circuit, care was exercised to be 
sure that the piezometer connections w(!re carefully con·structed 
and that the ends of the tubing were joined with no projections 
which would influence the flow or the measured pressure . The 
method of joining the brass tubing sections to the piezometer 
bl9cks is shown in the drawing on Figure 9 . The diameters of 
the tubing making up the test line and of the bore in the pie-
zometer blocks are also shown· in Figure 9 . Details of the 
piezometer blocks and piezometer connections and details of the 
method of connecting the gun barrel and the test line are shown 
in Figure iO . 
Three mercury manometers were used to measure the pressure 
drops from stations A to BJ B to C~ and C to D. The overall 
pressure drop from A to D was measured as a check by using a 
special helix bourdon gage which employed an optical lever arm 
to obtain high sensitivity . Figure 3 · shows a photograph of the 
measuring e-1uipment installed along side the gun barrel position 
in the test line .. 
3 · DISCUSSION OF TEST RESULTS 
The results of the friction loss measurements in both the 
rifled and unrifled gun barrels are shown in Figures 4, 5, and 
6. Figures 4 and 5 are logarithmic plots of the friction loss 
per foot of length as functions of the discharge through the 
barrel and of Reynolds number r~spectively . Figure 6 is a loga-
rithmic diagram of the friction factor _, " ·f "., as a function of 
Re{nolds number . The friction factor is evaluated for both 
barrels from the e-1uation 
where 
Hf friction loss in feet of the fluid flowing 
f friction factor 
1 length in feet of the barrel or tube between 
pressure taps 
V mean velocity in feet per second 
~r . , . 'iOE ff\/~b 
\..f\ .• L It 1 
g acceleration of gravity in feet per second per second 
d diameter of tube in feet, or 
[~A]i/2 " for the rifled barrel, 
cross-sectional area 
where A is the actual 
Reynolds number is calculated from the e~uatton 
R 
where 
I) p k " t " . " t . f t d r = - = 1nema 1c vrscos1 y 1n s~uare ee per secon . )"J-
On both Figures 4 and 6 a curve is shown for hydraulically smooth 
tubes . In addition, on Figure 6 curves are shown for two different 
types of rough tubes . 
The curves of Figure 4 show that, for the same rate of flow, 
the ui"Irifled barrel offers approximately 4% more resistance than 
hydraul·ically ·smooth tubing, while the rifled barrel offers about 
3% less resistance than a 0 . 500 " hydraulically smooth tube . Several 
factors contribute to this difference , The effective area of the 
rifled barrel normal to the center line is greater than for a 0 500" 
tube, thus lowering the velocity and the resistance . In addition, 
the unrifled barrel is apparently hydraulically rougher, as it shows 
boring tool marks which appear to be deeper than any of the boring 
or longitudinal broaching marks on the rifled piece .. AJ;>parently, be-
cause of their very gradual twist, the rifling grooves do not con-
stitute roughness in the normal sense . Furthermore, as will be 
discussed, they did not cause enough rotation of the water to affect 
the pressure at the downstream measuring point. In any event, the 
d ifference in loss between the two gun barrels is small .. Further-
more, the · friction factors for both barrels approach that of a smooth 
tube so ciosely t'hat, for all practical purposes, they can be assumed 
to b e smooth tubes . 
The same relation between the loss in the unrifled and rifled 
barrel is shown in . Figure 5 . In Figure 6, which is the diagram of 
the friction factor , "·f "·, as a function of Reynolds number, the curve 
for the unrifled barrel has the same position relative to . the curve 
for smooth tubes as indicated in Figure 4 ,. However , the curve for 
the rifled barrel falls above the smooth tube curve . This is to b e 
exp ec ted when it is considered that Figure 6 is a curve of friction 
f actors vs .. Reyno] ds number . Obviously , both barrels are rougher 
than a "sm ooth tube" so both f riction factor curves must lie above 
t hat for the smooth tube . In FigurE~ 4 the rifled tube, because of 
"\ 
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its larger area, showed a lower pressure drop than that for a 
0 . 500 " diameter smooth tube. Here in Figure 6, this effect is 
eliminat ed by employing the actual cross- section to calculate the 
velocity and effective diameter used .in obtaining both " f" , and "R "" 
The results of many investigations of friction loss of dif -
ferent types o f tubes have shown that the . fric t ion pressure drop 
a t Reynolds numbers between 100, 000 and i J OOO, OOO denends on the 
type of surface roughness If the roughness is produced by ir-
regular projections randomly -spaced, " f " . becomes constant as Rey--
nolds number is increased . On the other hand, if the roughness is 
produced by waviness in the pipe wall , the curve of " ·f ", vs " "•R" 
continues approximately parallel but above that of the hydraulically 
smooth tube . At extremely high Reynolds numbers J most experiments 
show that rough tubes and pipes assume a constant value of " .f " . Be-
cause of these differences _. the relation observed in Figure 6 be-
t ween the curves for smooth tubes and for the gun barrels may not 
hold exactly if "R" is increased . It is possible that t he actual 
friction drop curve for the gun barrels may pass through a transi -
t ion to give a constant "•f " . of approximatel ·y the measured value or 
possibly slightly hi-ghe r.. On -the other hand, as " R" increases, the 
curve may continue parallel to the ·smooth pipe curve , On Figure 6 
are shown v alues of "f" for new steel pipe which might be consideied 
to have a wavy type surface " A curve is als o shown for artificially 
roughened pipe having an irregular type of roughness . The latter 
roughness was produced by sand grains whose diameters averaged i/507 
t i mes the radius of the tube .. These two curves are shown only as an 
indication of the trends to be expected and not as a measure of the 
extrapolated values of " f " . Actually , the deviation of the curves 
f or the gun barrels from the smooth pipe c urve is so slight and the 
character of the surface is so different from this sand grain rough-
ness , that it is expected t hat " f " · will continue parallel to the 
smooth tube curve in a manner similar to that of the steel pipe curve 
shown . 
The data plotted on Figures 4 , 5 , and 6 show that the results 
are consistent within plus or minus i %. This is indicated by the 
scat t er of the points anc;i is checked by an evaluation of the pro-
bable errors in making the measurements . The absolute accuracymay 
n o t be this good, however J because of the short length of the gun 
barrel over whi c h the f riction drop measurements were made . Figure 
7 shows the curves of '· f " plotted against " R" for the entrance and 
e xit sections (AB and CD) of the test line . These values were cal--
culated from da t a ob t ained with both the rifled and unrifled barrel 
in place . The diagram shows that while all the points fall above 
t he smooth tube , curve by approximately t he same amount as for the 
u nrifled barrel , the fri c tion factor for the section CD is con-
sistent~y 2 % less t~an the friction factor for the sec tion AB . 
Since both sec t ions were made wi t h the same type of drown brass 
tubing, this difference can only indicate t hat the nressure obtained 
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from some of the pressure taps is not correct. This might be the 
result of bad joints between sections of the test line or of faulty 
piezometer holes. If the pressure at either B or C is assumed to 
be the one in error, then the absolute values of the measurements 
for the gun barrels are only good to about plus or minus 5%. HoW-
ever, the piezometer connections and the joints in the line were 
all carefully constructed, so it seems more probable that the errors 
are di1stributed between several pressure readings. If this is true, the absolute accuracy may approach the i% consistency of the results. 
The difference of only 2% between the curves of Figure 7 for 
sections AB and CD of the test line indicates that the grooves of 
the rifled barrel do not cause enough rotation of the water to of-
feet the p~essure at C. This observation is in agreement with cal-
culations that give a pressure increase at C of only O .Oi2 velocity 
heads if the entire mass of water rotated with the same twist as 
that of the grooves . In addition, the agreement shown in Figure 
7 between ,runs ' lC and 2C for section CD proves that contraction 
of the flow at the ·joint where the 0 .. 507"· diameter (measured in 
the grooves) ri f1 ed barrel joins the 0 . 500" brass tubing, i ·s not 
·sufficient to affect the pressure at C. 
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